Abstract: The Stability of the Oxidative Stress Marker, Urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG), when Stored at Room Temperature: Yuki MATSUMOTO, et al. National Institute of Occupational Safety and Health-We examined the stabilities of urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG) stored at room temperature (25°C) for 24 h or at -80°C for 800 days. Subjects were 19 males and 17 females aged 23-58 yr for the 24-h study, and 9 males and 4 females aged 24-54 yr for the 800-day study. We obtained information on the subjects by questionnaires and interviews. The level of urinary 8-OHdG was measured by HPLC using two-step separations. There were no significant changes of amount of urinary 8-OHdG under either storage conditions. We conclude that urine samples can be stored at 25°C and below for 24 h, when the research purpose includes the determination of urinary 8-OHdG. Urinary 8-OHdG was also stable for over two years when stored at -80°C. (J Occup Health 2008; 50: 366-372) 
Urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG), which is an oxidatively damaged nucleoside and may be a repair product of DNA or the nucleotide pool 1) , has been widely used as a marker for evaluating in vivo oxidative stress 2, 3) . It has also been widely used as a health effect marker for workers who have been exposed to chemicals [4] [5] [6] [7] [8] [9] . Urinary 8-OHdG is stable when stored at 4°C for 19 days 10) , and also after 6 years of storage at Field Study -20°C 11) , but to our knowledge there is no report about its stability at room temperature, that is 25°C. If a researcher wants to measure a 24-hours (24-h) period urinary excretion of 8-OHdG, he has to cool or freeze the urine samples immediately after each collection. However, it is not easy to do so unless the study is carried out at a place where the researcher can easily access refrigerators or freezers. If it is not necessary to store samples under special cooling conditions, urine collection will be more affordable.
This study aimed to evaluate the stability of urinary 8-OHdG kept at room temperature for a 24-h period (24-h room temperature study) and at -80°C for 800 days (800-d freezing study).
Subjects

Sample size
First we calculated the sample size that would satisfy our purpose 12) . To test whether the population mean µ is larger than µ 0 using the one-sided test, when the population variance is unknown, the least necessary sample size will be ∆ 0 was defined by the formula |µ-µ 0 |/σ≥∆ 0 , which is the minimum normalized difference needed to reject the null hypothesis at a significance level of α with a power 1-β. Using the detection limit and SD of our laboratory, we obtained |µ-µ 0 |=1.0 and σ=1.3, and as a result ∆ 0 =|1.0|/ 1.3=0.77. If we use 1-β= 0.80 and α=0.05 for the test condition, the appropriate sample size is calculated as n≥13.
Subjects
All subjects were informed of the purpose and the
protocol of this study, and provided their written informed consent. Thirty-six subjects, 19 males and 17 females aged 23-58 yr, joined the 24-h room temperature study, and 13 subjects, 9 males and 4 females aged 24-54 yr, joined the 800-d freezing study. Information on gender, age, smoking habits, and the use of medicine of each subject was obtained by questionnaires and confirmed by interviews. This study was a part of a study which was approved by the ethics committee of the former National Institute of Industrial Health.
Methods
Sample collection
1) 24-h room temperature study All subjects voided urine into paper cups. Aliquots of the part of each urine sample were stored at -80°C in 1.5 ml tubes, the material of which excluded UV radiation 13) and visible light 14) . The remainder of the urine sample was poured into two bottles, which also excluded UV radiation and visible light, and each cap was tightly closed with an inner cap. One bottle was stored at 4°C and the other was stored at 25°C. After 24 h, each bottle was shaken softly and the content was transferred to 1.5 ml tubes of the same type mentioned above. Then the tubes were stored at -80°C until the 8-OHdG analysis. In this study, we compared the concentration of 8-OHdG in the urine kept at 25°C for 24 h (U(25°C24h)) and at 4°C for 24 h (U(4°C24h)) with that in the urine frozen at -80°C immediately after the collection (U(0h)), which we used as 0h reference.
2) 800-d freezing study All subjects voided urine into paper cups. Aliquots of urine samples were stored at -80°C in 1.5 ml tubes, the same type as those mentioned above, until the 8-OHdG analysis. In this study, we compared the concentration of 8-OHdG in urine defrosted at about 200 days (194-197 days) after the collection (U(200d)) with that in urine defrosted at about 1,000 days (the differences between the two occasions; 827-835 days) after the collection (U (1,000d) ).
Measurement of samples
The urinary 8-OHdG level was measured by HPLC-ECD using a two-step separation method, which was described elsewhere 15) . In short, each urine sample was defrosted and mixed with a solution containing the ribonucleoside marker 8-hydroxyguanosine (8-OHG). The mixed solutions were stored in a refrigerator at 4°C for 2 h, then centrifuged at 13,000 rpm for 5 min. The supernatants were used for the analysis. The 8-OHdG fraction from the first stage separation by an anion exchange column (MCI GEL CA08F, 7 µm, 1.5 × 150 mm), which was eluted with 2% acetonitrile in 0.3 mM sulfuric acid, was collected based on the 8-OHG peak.
8-OHdG was further separated by second stage separation with a reverse phase colmun (Shiseido, Capcell Pak C18, 5 µm, 4.6 × 250 mm), which was eluted with 10 mM sodium phosphate buffer (pH 6.7) containing 5% methanol and an antiseptic, Reagent MB (100 µl/l). 8-OHdG was detected by a Coulochem II electrochemical detector (ESA) with a guard cell (5020) and an analytical cell (5011), (applied voltage: guard cell, 400 mV; E1, 190 mV; E2, 350 mV). The samples were analyzed in triplicate and the mean values were used for statistical analysis. The detection limit of our laboratory was less than 1.0 ng/ml and the standard deviation (SD) was less than 1.3 ng/ml (CV=0.14), when we repeatedly measured the standard solution of 8-OHdG (10.0 ng/ml) 10 times.
Statistics
Statistical analyses were performed using SPSS 12.0J for Windows. Pair-wise t tests, correlation analysis, simple regression analysis and multiple regression analysis were used. The p level described in this paper is constructed by two tailed regions.
Results
24-h room temperature study
Among the 36 samples measured, three were under the detection limit. Accordingly we analyzed the data from 33 subjects (19 males and 13 females) ( Table 1 ). The 8-OHdG concentrations of U(0h) (U8-OHdG(0h)) ranged from 0.61 to 7.9 ng/ml, 3.9 ± 2.2 ng/ml (mean ± SD), with a coefficient of variation (CV) of 0.56. The results for U(4°C24h) (U8-OHdG(4°C24h)) ranged from 0.67 to 7.7 ng/ml, 3.9 ± 2.2 ng/ml, with a CV of 0.57, and those for U(25°C24h) (U8-OHdG(25°C24h)) ranged from 0.66 to 8.5ng/ml, 3.9 ± 2.2 ng/ml, with a CV of 0.57. Figure 1 (a, b & c) shows the distributions of differences of urinary 8-OHdG between U(0h) and U(4°C24h)(∆8-OHdG(4°C) = U8-OHdG(4°C24h)-U8-OHdG(0h)), between U(0h) and U(25°C24h)(∆8-OHdG(25°C) = U8-OHdG(25°C24h)-U8-OHdG(0h)), and between U(4°C24h) and U(25°C24h)(∆8-OHdG(4°C, 25°C) = U8-OHdG(25°C24h)-U8-OHdG(4°C24h)), respectively. The shapes of the histograms show single peaks and symmetrical distributions.
∆8-OHdG(4°C) was not significant (p=0.13). There was a positive correlation between the two variates and the correlation coefficient was 0.99. The regression equation was y = 0.99x -0.052 (R 2 =0.98, p<0.01), where x and y were U8-OHdG (0h) and U8-OHdG(4°C24h), respectively ( Fig. 2(a) ). ∆8-OHdG(25°C) was not significant (p=0.41). The correlation coefficient of the two variates was 0.98. The regression equation was y=0.99 x -0.019 (R 2 =0.97, p<0.01), where x and y were U8-OHdG(0h) and U8-OHdG(25°C24h), respectively ( Fig. 2(b) ). ∆8-OHdG(4°C, 25°C) was also not significant (p=0.70). The correlation coefficient of the two variates was 0.98. The regression equation was y = 0.98 x + 0.068 (R 2 =0.97, p<0.01), where x and y were U8-OHdG (4°C24h) and U8-OHdG(25°C24h), respectively ( Fig.  2(c) ).
There were no significant correlations between age and the three variates ∆8-OHdG(4°C), ∆8-OHdG(25°C), and ∆8-OHdG(4°C, 25°C). Also there were no significant differences in the three variates between males and females.
We estimated the effects of independent variables, age, sex, smoking habits, and habitual use of medicine, on dependent variables, ∆8-OHdG(4°C), ∆8-OHdG(25°C), and ∆8-OHdG(4°C, 25°C), using multiple regression analysis (Tables 2 & 3) . Because of the age of one subject was lacking, the analyses were conducted on 32 subjects. No independent variables were significantly associated with ∆8-OHdG(4°C). Only the smoking habit had a positive effect on ∆8-OHdG(25°C), meaning that U8-OHdG(25°C24h) was higher than U8-OHdG(0h) among smokers. Smoking habit had a positive effect, and habitual use of medicine had a negative effect on ∆8-OHdG(4°C, 25°C), meaning that U8-OHdG(25°C24h) was higher than U8-OHdG(4°C24h) among smokers, and that U8-OHdG(25°C24h) was lower than U8-OHdG(4°C24h) among habitual medicine users.
800-d freezing study
The mean 8-OHdG concentration of U(200d) (U8-OHdG(200d)) was 11.6 ± 8.4 ng/ml with max 27.7, min 1.2, and a CV of 0.72; and the mean 8-OHdG Take medicine 5 3 2 habitually *N=13 (One datum missing).
Fig. 1. Distributions of differences of urinary 8-OHdG
between U(0h) and U(4°C24h)(∆8-OHdG(4°C)=U8-OHdG(4°C24h)-U8-OHdG(0h)), between U(0h) and U(25°C24h)(∆8-OHdG(25°C)=U8-OHdG(25°C24h)-U8-OHdG(0h)), and between U(4°C24h) and U ( 2 5°C 2 4 h ) (
concentration of U(1,000d) (U8-OHdG(1,000d)) was 12.6 ± 8.7 ng/ml with max 28.6, min 1.4, and a CV of 0.68. There was no significant difference between the two (p=0.10). The correlation coefficient between the two variates was 0.97 (p<0.01). The regression equation was y = 0.99x + 0.99 (R 2 =0.94, p<0.01) (Fig. 3) , where x and y were U8-OHdG(200d) and U8-OHdG(1,000d), respectively. Because of the small sample size, we did not conduct multiple regression analysis.
Discussion
The concentration of 8-OHdG in the urine stored at 4°C or at 25°C for 24 h did not change compared with the concentration of 8-OHdG in urine frozen at -80°C immediately after the collection. The concentration of 8-OHdG also did not change after about 800 days storage at -80°C.
The sample sizes that were needed to have significant difference at 1-β= 0.80 and α=0.05 were n≥13 by the one-sided test. The sample size n=33 for the 24-h room temperature study and the size n=13 for the 800-d freezing study fulfilled this requirement. The concentration of urinary 8-OHdG stored for a long period of time elevates due to progressive oxidation 16, 17) , and to our knowledge there are no reports on its depression by further oxidation. Therefore, to decide the necessary sample size by the one-sided test was reasonable, and we considered the sample size of this study to be appropriate.
Our result, which showed that the concentration of urinary 8-OHdG did not change after storage at 4°C for 24 h, is consistent with the result reported by Shigenaga et al. 10) . Concerning the long period storage, Poulsen et al. reported that the correlation coefficient between two concentrations of the same sample stored at -20°C measured at a 6-yr interval was r=0.64 11) . Even though Fig. 2 . Relationships between (a) U8-OHdG(0h) and U8-OHdG(4°C24h), (b) U8-OHdG(0h) and U8-OHdG(25°C24h), and (c) U8-OHdG(4°C24h) and U8-OHdG(25°C24h). the conditions were different in this study, the storage period of about 800 days was shorter and the storage temperature of -80°C was lower, the correlation coefficient of this study was very high, r = 0.97. This result suggests that the stability of urinary 8-OHdG is higher when stored at -80°C than at -20°C. Furthermore our experiment comparing the two urine samples, one was stored at -80°C and thawed for measurement and the other was the same urine re-frozen immediately after the allocation and stored for a further 230 days in average at -80°C and re-measured (data not shown), showed no difference. This supports the validness of using the urine sample stored at -80°C immediately after collection as the 0 h reference. The subjects of this study consisted of both sexes. There has been no report on the difference of the stability of urinary 8-OHdG between the sexes. To our knowledge, there are a limited number of papers that have reported a sex difference in the level of urinary 8-OHdG. One reported that men excreted 29% more 8-OHdG than women 2) , and another reported 35% more 18) , but others reported no differences 18, 19) . Although we cannot definitely state there is no difference in urinary 8-OHdG stability between the sexes, in our present study there was no significant difference. Moreover, sex had no effect on the urinary 8-OHdG stability in multiple regression analysis. Accordingly, sex differences in the stability of urinary 8-OHdG at different storage temperature may not be a significant problem.
The effect of age should be considered because the age range of the subjects in this study was rather wide. However, there are no reports on changes in the stability of urinary 8-OHdG with age. In an epidemiological study, Kasai et al. reported that when subjects were divided into three age groups, the urinary 8-OHdG of the younger group was higher than that of the older group using multiple regression analysis 3) . Yamamoto et al. reported that the urinary 8-OHdG of subjects tended to decrease as their age increased 19) , but other studies have reported no significant results about age 2, 7, 20, 21) . In the present study, there were no significant correlations between age and the differences in 8-OHdG at the three different storage temperatures. Moreover, age had no effect on urinary 8-OHdG in multiple regression analysis. Accordingly the differences in 8-OHdG stability among the different storage temperatures may not vary with age.
Multiple regression analysis showed smoking habits had the effect of elevating U8-OHdG(25°C24h) compared to U8-OHdG(4°C24h) or to U8-OHdG(0h). We suspect that urine of smokers contains fewer antioxidants than that of non-smokers, which enhanced 8-OHdG production by elevation of the oxidative stress level under the 25°C, 24-h storage condition. Another explanation is that some kind of smoking related substance in urine facilitated the oxidation. Because the number of smokers was only three and not all the three subjects showed an increase of urinary 8-OHdG, we cannot state with any certainty that the stability of urinary 8-OHdG decreased among smokers.
Habitual use of medicine had the effect of decreasing U8-OHdG(25°C24h) compared to U8-OHdG(4°C24h) as revealed by multiple regression analysis. But only five subjects used a medicine habitually, and the medicines they used varied widely: medicines for cough, hypertension, headache, and stomach ache. Also there was no difference for habitual medicine users between U8-OHdG(25°C24h) and U8-OHdG(0h), which is not consistent with the relation between U8-OHdG(25°C24h) and U8-OHdG(4°C24h). Therefore, we cannot conclude that habitual use of medicine decreases urinary 8-OHdG.
Conclusions
Urinary samples can be stored at least at 25°C or below for 24 h for determinations of the concentration of urinary 8-OHdG. Moreover, 8-OHdG is stable for more than two years when stored at -80°C. According to our result, 24-h urine collection is feasible even if there is no freezer or refrigerator available near the study area when the objective is to measure urinary 8-OHdG. We expect that our results will remove limitations of sampling in epidemiological studies using urinary 8-OHdG as an indicator.
